We report an unusual case of a young Quarter Horse with a large dental fracture fragment displaced into the maxillary sinus, leaving an oroantral communication that caused food impaction and metaplastic calcification in the sinus and facial deformation with cutaneous fistulation. Oral extraction of a remaining tooth fragment from its alveolus was succeeded by a maxillary sinusotomy for removal of the abnormal sinus contents. Since the oroantral fistula did not heal spontaneously following the placement of a silicone dental prosthesis, minimally invasive transbuccal and transnasal endoscopic approaches were used to encourage closure of the oroantral fistula by alveolar granulation. The clinical, diagnostic, and therapeutic features of this case may be helpful to clinicians when dealing with similar cases.
Introduction
Equine paranasal sinus disease was caused by tooth-related oroantral fistula in 4% of horses in 1 study. 1 Dental oroantral communications are known to originate either from dental fractures or diastema formation. 1, 2 Oroantral communication is a common complication after dental extractions and repulsions. 3, 4 Correct diagnosis of related oral, dental, and sinus abnormalities requires a meticulous examination, and knowledge of the involved anatomical structures and ancillary diagnostic instrumentation, especially radiography and endoscopy, can be of particular value. [5] [6] [7] [8] The treatment or oroantral fistula formation as a sequel of dental or periodontal disease and/or exodontia. [1] [2] [3] [4] 9 Fistulas can be a challenge for equine practitioners, and an appropriate treatment plan is often limited by owners' commitment, patience, and budget.
Routinely after maxillary tooth extraction, a prosthetic plug of dental impression compound or acrylic is temporarily placed in the alveolus to seal the apical alveolus from the oral cavity, to allow granulation, and to prevent persistence of an oroantral communication. 3, 9 Persistent oromaxillary fistulas in the horse have been treated successfully with a permanent polymethylmethacrylate (PMMA) prosthesis. 2 Surgical techniques have also been described for the prevention or treatment of oroantral fistulation. 4, 10, 11, 12 Muscle transposition 4, 10, 11 and sliding mucoperiosteal hard palate flaps 12 have been reported for the treatment of persistent or recurrent fistulae. These surgical interventions necessitate general anesthesia that is associated with risk factors for the horse and increased cost for the owner.
A minimally invasive transbuccal approach has been described 13, 14 for equine cheek tooth extraction 15 in the standing horse under sedation and local or perineural analgesia. We employed this approach to avoid general anesthesia and to achieve access for debridement of a persistent oromaxillary fistula.
Case Report
A 7-year-old Quarter Horse mare was presented to the Equine Veterinary Teaching Hospital (Clinéquine) of the Veterinary Campus (VetAgro Sup) of the University of Lyon, France, for recurrent left-sided purulent sinusitis and slowly progressing deformation of the left maxillary region with the appearance of a maxillocutaneous fistula. The mare had undergone left frontal sinus trephination and lavage by the referring veterinarian 18 months previously that had resulted in transient temporary improvement of the signs of sinusitis. Progressing maxillary deformation had led to suspicion of sinonasal neoplasia and referral for further investigation and treatment.
On clinical examination, the mare had a body condition score of 4/5, weighing 482 kg. A large left-sided maxillofacial deformation dorsal to the rostral half of the facial crest was present with a centrally located cutaneous fistula that was discharging a white-greenish, malodorous liquid. Epiphora was noted at the left eye. The left mandibular lymph node was enlarged. The left nostril showed malodorous purulent discharge and the left nasal air flow was reduced. The deformation of the left forehead was hard and not indentable on palpation and produced a dull percussion sound. Oral examination revealed the presence of sharp enamel points and overgrowth of the left mandibular fourth premolar tooth (308). The oral view of the buccal half of the left maxillary fourth premolar tooth (208) was obscured by impacted grass ( Figure 1A) . After cleaning the food away with dental picks and by focal rinsing, it became clear that 208 had a severe fracture and that a large (buccal) fragment seemed missing ( Figure 1B ). Dorsoventral and right dorsal-left ventral oblique (30 ) lateral radiographs ( Figure 2 ) revealed irregularly marginated areas of heterogeneously increased radiopacity in the maxillary sinuses suggestive of dystrophic soft tissue mineralization with the loss of normal sinus anatomy. In addition, a large tooth fragment was observed to have been displaced into the rostral aspect of the rostral maxillary sinus. The radiopacity of tooth 208 was markedly reduced in the oblique view; in the dorsoventral view, a buccal fragment was visible in the alveolus, but the large palatal fragment seen on oral examination was superimposed by the mandible.
Upper airway endoscopy revealed a rostrally narrowed middle nasal meatus leading to a large opening in the axial aspect of the dorsal turbinate, which was confluent rostrally and caudally with the maxillary and conchal sinuses ( Figure 3 ). The confluent sinuses were packed with feed.
The large palatal fracture fragment of 208 was orally extracted and more food material removed from the apical region of the alveolus ( Figure 4 ). Endoscopic examination of the alveolus revealed communication between the oral cavity and the maxillary sinus, and a small tooth fragment was localized with oral endoscopy at the buccal aspect of the apex of the socket ( Figure 5 ). This fragment corresponded with the buccal fragment seen on the dorsoventral radiographic view. A left maxillary sinusotomy was performed to remove the small apical fragment, the displaced large buccal fragment and the sinus calcifications ( Figure 6 ). For the procedure, the horse was sedated with detomidine a (7.5 mg/kg intravenously [IV]) and butorphanol b (7.5 mg/kg IV) and an ultrasound-guided maxillary nerve block with mepivacaine c was performed. 16, 17 The displaced large tooth fragment, the small apicobuccal and several smaller tooth fragments, food material, and calcified masses were retrieved through the maxillary flap (Figure 6 ). After thorough lavage of the confluent maxillary, conchal and frontal sinuses, the oroantral passage through the alveolus was debrided, and the alveolus sealed with dental impression material.
d At the end of the surgery, a foley catheter was placed in the left frontal sinus through a 19-mm trephine hole, the bone flap was repositioned, and the skin was closed with a subcutaneous absorbable suture and skin staples. Penicillin e (22 000 IU/kg intramuscularly twice a day Â5 days), gentamicin f (6.6 mg/Kg IV once a day Â5 days) and phenylbutazone g (2.2 mg/kg IV twice a day Â5 days)
were administered for 5 days, and antimicrobial therapy was continued with trimethoprim h (25 mg/kg orally twice a day for 2 weeks). The left sinus was lavaged through the foley catheter twice daily for 7 days with a weak dilution of povidone iodine in tap water, until resolution of purulent nasal discharge, and the drain was removed.
Follow-Up
Two months and 2 weeks after discharge from the hospital, the horse returned for scheduled removal of the prosthetic dental plug from the alveolus. The sinusitis had completely resolved, and the maxillocutaneous fistula and surgical incision had healed well. After removal of the prosthetic dental plug, persistence of oroantral communication in the apical region of the alveolus was detected. The fistula was curetted via the oral cavity using long, angled dental picks, and a new dental impression compound d plug was placed in the alveolus. At the next examination 2 months later, recurrence of a mild nasal discharge was observed. Endoscopy of the sinus complex through a nasal approach revealed the presence of a nonreactive, persistent oroantral fistula. Debridement with dental picks was repeated through an oral approach, and a new dental impression material d plug was molded and placed. Three months later, removal of the dental plug revealed that a fistula of the same diameter as before was still present between the maxillary sinus and the oral cavity (Figures 7 and 8A) . The horse was hospitalized, and the fistula debrided in the standing horse under perineural analgesia of the maxillary nerve with mepivacaine c and sedation with detomidine a (7.5 mg/kg IV) and butorphanol b (7.5 mg/kg IV). A minimally invasive buccotomy ( Figure 9 ) combined with a transnasal endoscopy using endoscopy rongeur forceps was performed to approach the fistula site for debridement. For the minimally invasive buccotomy approach, the cheek was desensitized at the level of 208, and a small incision (approximately 1 cm in length) was made horizontally in the skin for placement of a trocar i through the cheek. Care was taken not to injure the buccal branches of the facial nerve, the facial artery and vein, or the parotid duct. After removal of the obturator, the cannula permitted the passage of a long curette i through the cheek allowing extensive debridement of the oroantral orifice. Subsequently, a new alveolar dental impression material d plug was placed. Transnasal endoscopy was used every other day to ascertain granulation tissue formation in the fistula during 7 days of hospitalization.
In spite of scheduling removal of the dental plug 6 weeks after placement, the horse was lost to follow-up for 14 months at which time she was presented for evaluation. There were no clinical signs of sinusitis but left-sided deformation of the forehead had persisted. Oral examination revealed sharp enamel points along all 4 quadrants, focal dental overgrowth of 308, and the prosthetic dental plug in the position of 208. The dental plug was removed, and dental overgrowths were reduced with an electric float. Radiography ( Figure 8B ), oral examination ( Figure 8C) , and endoscopic examination of the sinus through the persistent nasosinal aperture showed complete closure of the oroantral fistula. 
Discussion
A rigorous oral and dental examination are essential to establish an accurate diagnosis in dental and sinus disease. Appropriate cleaning of the oral cavity, a good light source, mouth speculum, and sedation are basic prerequisites for a detailed examination. In this case, the dental fracture of the 208 could have easily been missed during an oral examination. Food impaction remained within the lining of the arcade after routine rinsing and dental picks and a pressure lavage was necessary to free the buccal aspect of impacted food, thereby revealing the defect. Such attention to detail is extremely important during oral examination of horses presented for sinusitis, which has been identified as being of dental origin in 24% to 62% of cases in separate studies. 1, 6, 18 Idiopathic tooth fractures with the potential of causing clinical signs have been reported in approximately 0.4% of horses during routine dental examinations performed by experienced veterinarians and British Equine Veterinary Associationcertified equine dental technicians in a large generalized population. Fractures tend to occur in the maxillary first molar teeth. 19 In 1 hospital-based survey, horses diagnosed with idiopathic cheek tooth fractures were examined under sedation and with a dental mirror or an oral endoscope. Maxillary fourth premolars and first molars were found to be most commonly affected. 20 One study used radiography and histopathology of cheek tooth fragments to investigate the etiopathogenesis of idiopathic cheek tooth fractures. The maxillary first molars were most frequently involved, and the most common fracture plane was a buccal slab fracture through the first and second pulp chambers. 21 All pulp chambers were involved macroscopically in the current case, but due to the advanced degeneration of the fracture fragments of tooth 208, we did not opt for further histopathological examination and were not able to determine the exact etiology of the fracture. Initiation of appropriate treatment after early recognition of dental disease could have prevented the severe progression seen in this case. Detail of a dorsoventral radiograph of the left upper dental arcade with the mandible offset to the right. The radiolucent zone has disappeared and is filled with radiodense trabecular bone, 14 months after minimally invasive debridement (B). Intraoral view of the closed oroantral fistula of the 208 socket, which is now completely granulated and epithelialized, 14 months after minimally invasive debridement (C). Potential early treatment may consist of reduction in dental height by mechanical floating, extraction, or restorative techniques such as retrograde or orthograde pulpar endodontics or infundibular filling. [22] [23] [24] [25] The radiological finding of metaplastic calcification in the sinus of horses has been reported previously and was always associated with dental fractures and attachment of the calcified mass to the sinus wall. 26 The calcifications retrieved from the sinus in our case consisted histologically of woven bone, prompting us to propose the term ectopic ossification for this case. Moreover, the reported cases of radiographically identified metaplastic calcification lack histologic analysis that renders speculation on their etiopathogenesis difficult. More detailed descriptions of similar radiopaque sinus masses with concurrent histological analysis would add to the understanding of sinus disease in the horse. The large defect in the dorsal turbinate in our case could explain the presence of an ossified mass that may have separated from the dorsal nasal concha as a consequence of long-term remodeling.
Treatment of oromaxillary fistulae aims to achieve permanent closure. Protection of persisent oromaxillary fistulae with dental impression compound or PMMA plugs carries the risk of renewed contamination of the sinus cavity with food particles and sinusitis upon loss of the prosthetic dental plug. In our case, granulation of the fistulous passage stagnated after 2.5 months because of complete epithelialization of the tract. Light repeated curettage with angled dental picks was insufficient to adequately remove the epithelial lining and reinitiate granulation. We did not identify signs of infection, sequestration, or residual dental fragments that could also have precluded healing of the fistula. The diameter of the oroantral fistula was no different between the 2.5-month and 8-month postoperative examinations. Surgical approaches such as nasal muscle transposition 4,10,11 and sliding mucoperiosteal flaps 12 have been used to repair oronasal and oroantral fistulae at maxillary extraction sites. 4 Nevertheless, these approaches are invasive and prone to complications and side effects, such as permanent facial paralysis or leakage of saliva due to inadvertent incision of salivary ducts. These approaches also necessitate general anesthesia of the horse.
A minimally invasive buccotomy is most commonly performed in the standing horse to assist in the extraction of cheek teeth lacking clinical crown or for the removal of dental fragments within the alveolus; this technique has a low complication rate. 13, 15 We opted for a transbuccal approach to the oromaxillary fistula to obtain straight orthograde access for curettes to perform rigorous debridement and to reinitiate granulation ( Figure 9 ). Another option would have been to introduce curettes through a maxillary trephination directly above the fistula in order to debride the fistula through the trephine hole. The persistence of a large sinonasal aperture at the level of the left nasal turbinates permitted for repeated endoscopic evaluation of the confluent sinus complex and the fistulous tract (Figures 3 and 9C ). This transnasal endoscopic approach assisted in the retrograde debridement of the sinus part of the fistulous tract with endoscopic forceps. Reactivation and progression of granulation could be observed through the endoscope in the first week after debridement without needing to remove the dental plug.
As complete debridement of epithelial lining and reinitiation of granulation is of utmost importance for the treatment of persistent oroantral fistulae, a minimally invasive transbuccal approach for alveolar curettage may prove a helpful adjunct to treatment and may in some cases avoid the need for more invasive surgery under general anesthesia. 
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